The aim of the present investigation was to determine the effect of plant growth regulators viz., kinetin, chlorocholine chloride (CCC) and salicylic acid (SA) on achene yield and oil quality of safflower (Carthamus tinctorius L.) cv. Thori pertaining to biodiesel production. The growth regulators were applied at 10 -5 M as foliar spray during flowering (140 days after sowing). Kinetin was highly effective in increasing achene yield, 100 achene weight and oil refractive index. Maximum achene oil content was found in CCC treatment. Kinetin and CCC significantly decreased oil acid value, free fatty acid content (% oleic acid) and specific gravity but increased oil pH. Kinetin was highly effective in increasing oleic acid (C18:1) but decreased the content of linoleic acid (C18:2). Oil extracted from achenes of CCC and Kinetin treated plants exhibited maximum (92%) conversion into methyl esters.
The growth regulator salicylic acid enhances the plant growth, flower induction, nutrient uptake and photosynthesis (Hayat and Ahmed, 2007) . Chlorocholine chloride is a growth retardant which enhances plant growth and development by improving sink source relationship (Singh et al., 1987) . Kinetin, a synthetic cytokinin play important role in plant growth and development. It stimulates leaf expansion, development of reproductive organs and delays senescence (Mok, 1994).
Safflower (Carthamus tinctorius L.) belonging to family Asteraceae, is an annual, broadleaf oilseed crop. Presently, the major producers of safflower include the U.S.A, India, Mexico, Australia, Argentina, the Russian Federation, Canada, Ethiopia and Iran etc (Dajue, 1996) . It is a neglected oil seed crop in Pakistan such that during [2004] [2005] , the total area under cultivation was only 48 hectares (Anon, 2005) . It has been used as source of dye, folk medicine and food but it has not got any significant consideration as oil seed crop (Shah et al., 2005) . The major problems associated with cultivation of this crop are its mechanical harvesting which is quite laborious accompanied by low yields. The absence of linolenic acid and presence of linoleic acid along with low color values, low unsaponifiables and lower content of free fatty acids render the utilization of safflower oil in paints and coatings etc (Smith, 1996) . According to Rashid and Anwar (2008) , safflower biodiesel can be successfully utilized in ignition compression engines. The present research work was aimed to improve the yield and oil quality of safflower through application of plant growth regulators pertaining to biodiesel production.
Materials anD MethoDs
Pot experiment was carried out in complete randomized design (CRD) in the ware house of Department of Plant Sciences, Quaid-i-Azam University, Islamabad. Seeds of safflower (Carthamus tinctourious L.) cv.Thori were obtained from National Agriculture Research Centre, Islamabad. The seeds were surface sterilized with 95% ethanol for 3 min and then with 10 % chlorox solution for five min with shaking and thoroughly washed with sterile water. The seeds were sown in earthen pots measuring 27 x 30 cm 2 filled with clay, farm yard manure and sand in ratio of 3:2:1 and kept under natural environmental conditions during mid November, 2008 till maturity. The plant growth regulators were applied during flowering (140 DAS) as foliar spray by using common insecticide sprayer. Seed oil content was estimated by NMR (Nuclear magnetic resonance) test (Robertson and Morrison, 1979) . The oil was extracted with petroleum ether in a Soxhlet apparatus (AOAC, 1960) . Oil acid value, free fatty acid content (as oleic acid) and refractive index was determined according to AOAC (1990) . Specific gravity was determined using density bottle according to Pearson (1980) . For determination of oil pH, 2 gm of the oil sample was poured into a clean dry 25 ml beaker and 25 ml of hot distilled water was added to the sample in the beaker and stirred slowly. It was than cooled in a water bath to 25 ºC. The pH electrode was standardized with buffer solution, immersed into the sample and the pH value was recorded (Akubugwo and Ugbogu, 2007) . The fatty acids methyl esters (0.5 μl) were analyzed in a gas chromatograph (Shimadzu QP 5050) equipped with a flame ionizing detector (FID) and a fused silica capillary column (MN FFAP (50 m x 0.32 mm i.d; film thickness 0.25 μm). Helium was utilized as carrier gas. The column temperature was maintained at 110 °C for 0.5 min, raised to 200 °C at 10 °C/min tills 10 min. Biodiesel was produced through base catalyzed transesterification reaction as described by Nosheen et al. (2010) . The ratio of methanol to oil was 9:1 at 1% NaOH concentration. The yield of biodiesel was determined on % w/w conversion of safflower oil to biodiesel (Rashid and Anwar, 2008 (Duncan's, 1955) .
resUlts anD DiscUssion
Results presented in Table. 1 revealed that kinetin treatment significantly increased number of achenes plant -1 and number of achenes capitulum -1 at P<0.05. All the growth regulators significantly increased the 100 achene weight as compared to control, maximum increase being observed in kinetin treatment. Chlorocholine chloride effectively increased the seed oil content by 4% over control (Table 1) . Kinetin improves the export of assimilates from source organs and regulate source-sink relations (Roitsch and Ehness, 2000) . Similar increase in seed yield by kinetin application was reported by Fatima and Bano (1998) in soybean and Faizanullah et al. (2010) in linseed. Similarly, Pan and Xu (2010) found that foliar application of benzyl adenine, a synthetic cytokinin markedly increased seed yield of biodiesel plant Jatropha curcas L. The observed increase in yield my be attributed to the enhanced translocation of assimilates from leaves to reproductive parts. The CCC application increased the achene weight and oil content. The increased seed oil content by CCC application has been reported by Faizanullah et al. (2010) in linseed. growth retardants have been reported for maintaining internal hormonal balance and efficient sink source relationships (Singh et al., 1987) . These efficient sink source relationships by CCC may be responsible for increasing the seed oil content in Safflower.
CCC and kinetin significantly decreased oil acid value and specific gravity. Maximum decrease in free fatty acid content (as oleic acid) was recorded in CCC treatment with concomitant increase in oil pH (Table 2) . Specific gravity is among the most important properties of biodiesel because some important performance indicators (cetane number and heating values) are associated with it (Tat and Van gerpen, 2000) . These findings are in agreement with previous findings of Faizanullah et al. (2010) who found that kinetin and CCC significantly decreased oil acid value of linseed. Similarly, Sawan et al. (1993) found marked decrease in oil acid value of cotton seed in response to foliar application of CCC. The acidity of vegetable oil is correlated with the content of free fatty acids (Kusdiana and Saka, 2003) . The CCC and kinetin treatments significantly increased oil pH which was negatively correlated with the content of free fatty acids. In base catalyzed method of biodiesel production, the amount of catalyst used depends on the acidity of the crude vegetable oil. The presence of free fatty acids in vegetable oil cause deactivation of the basic catalysts which results in the addition of an excessive amount of alkali, leading to the formation of gels that cause problems in the separation of glycerol and yield losses of biodiesel (Crabble et al., 2001) . Therefore, it can be inferred that achene oil extracted from safflower plants treated with kinetin and CCC at flowering stage can lead to the production of good quality biodiesel.
Kinetin was highly effective in increasing oil refractive index whereas; all other treatments were ineffective. Similarly, kinetin significantly increased oil oleic acid (C18:1) content with concomitant decrease in linoleic acid (C18:2). Furthermore, significantly higher ester production (92.4 and 92%) were obtained for CCC and kinetin treatments respectively (Table 3) . Kinetin has been reported to improve the oleic acid content at the cost of linoleic and linolenic (C18:3) acid in cotton (El-Dayem and El-Deeb, 2000) . The fatty acid composition of vegetable oil notably affects the quality and quantity of biodiesel. The high unsaturation of vegetable oil leads to the production of biodiesel with low cetane numbers which is an important indicator of biodiesel quality (Ramos et al., 2009) . Previous studies showed that low cetane number of biodiesel was associated with more highly unsaturated components such as the esters of linoleic acid (C18:2) (Knothe et al., 2003) and therefore, the presence of monounsaturated fatty acids (C18:1) gave a higher cetane value to biodiesel of olive oil (Ramos et al., 2009) . McCormick et al. (2007) have reported decrease in oxidation stability of biodiesel with increase in polyunsaturated methyl esters. In the transesterification process of biodiesel production, a triglyceride reacts with a short chain alcohol in the presence of a catalyst, producing a mixture of fatty acid alkyl esters and glycerol (Schuchardt et al., 1998) . The observed increase in yield of biodiesel by CCC and kinetin might be attributed to the experiential decrease in oil acid value and free fatty acid contents since free fatty acids does not convert into methyl esters during transesterification (Freedman et al., 1984) .
conclUsion
It can be inferred that application of plant growth regulators viz. kinetin and CCC as foliar spray (10 -5 M) during flowering in safflower can improve oil yield and quality which can be utilized in a sustainable manner in commercial scale production of good quality biodiesel. Moreover, the kinetin treatment enhances the conversion of oil to methyl esters in a base catalyzed transesterification reaction. 
